Introduction
============

Telomeres are nucleoprotein complexes that, in mammals, are composed of tandem repeat DNA sequences (TTAGGG)~n~ that form a protective cap at the ends of eukaryotic chromosomes.[@b1-ndt-11-1493] During somatic cell division, DNA polymerase is not able to fully replicate the 3′ end of linear DNA, which results in progressive loss of telomeric repeats. Although on the one hand, this obligatory telomere loss provides a tumor suppressor mechanism that limits cell proliferation, it eventually results in replicative senescence and contributes to aging and cellular apoptosis.[@b2-ndt-11-1493] In 2009, The Nobel Prize in Physiology or Medicine was awarded to Elizabeth H Blackburn, Carol W Greider, and Jack W Szostak for the discovery of how chromosomes are protected by telomeres and the enzyme telomerase. This award highlighted the important role of telomerase and telomeres in genome stability, immortality, and aging.

It has been proposed that telomeres act as molecular clocks. They shorten with each cell division, and with age, due to the difficulty in end replication. Oxidative stress, chronic inflammation, and genotoxic agents can accelerate telomere attrition. Epel et al report that psychological stress -- both perceived stress and chronicity of stress -- is significantly associated with known determinants of cell senescence and longevity, ie, higher oxidative stress, lower telomerase activity, and shorter telomere length, in peripheral blood mononuclear cells from healthy premenopausal women.[@b3-ndt-11-1493] The telomeres of participants with the highest level of perceived stress were found to be shorter by the equivalent of at least one decade of additional aging compared to women reporting a low stress level. The authors conclude that increased oxidative stress was responsible for telomere attrition and lower telomerase activity. This relationship could provide an explanation for the common observation that psychological stress can lead to accelerated aging. These observations have led to telomere length emerging as a novel marker of biological age, which integrates the cumulative lifetime burden of genetic factors and environmental stressors independent of chronological age.[@b4-ndt-11-1493]

Aging-related telomere shortening has been detected in cell and tissue types such as fibroblasts, leukocytes, vascular tissues, liver, and kidney tissue.[@b5-ndt-11-1493] Telomere attrition was observed in a number of age-related and degenerative diseases, such as atherosclerosis, diabetes mellitus, cancer, aging syndromes, vascular dementia, and Alzheimer's disease.[@b6-ndt-11-1493]--[@b8-ndt-11-1493] Accelerated telomere shortening and decreased telomerase activity has been reported in chronically stressed individuals,[@b3-ndt-11-1493] and accelerated telomere shortening has been reported in anxiety disorders,[@b9-ndt-11-1493] affective disorders,[@b10-ndt-11-1493],[@b11-ndt-11-1493] and schizophrenia.[@b12-ndt-11-1493]

Schizophrenia is a neurodevelopmental and neurodegenerative disease whose pathophysiology is poorly understood. Psychotic symptoms commonly present in schizophrenia were found to be related to overproduction of reactive oxygen species (ROS) and impaired oxidative defense.[@b13-ndt-11-1493] Oxidative stress has also been shown to influence telomere length,[@b14-ndt-11-1493] which was found to be shorter in the blood leukocytes of schizophrenia patients in comparison with healthy controls. Kao et al found that lymphocyte telomere erosion in schizophrenia is rapid and that telomeres of patients in their mid- to late-30s were nearly 1,800 base pairs shorter than those of similarly aged controls: the controls would have to be at least 25 years older for the telomere to be of similar length.[@b12-ndt-11-1493] Associations between schizophrenia and telomere attrition have also been found elsewhere.[@b15-ndt-11-1493] However, other studies do not confirm this observation: two studies report no significant differences in telomere length between healthy controls and schizophrenia patients,[@b16-ndt-11-1493],[@b17-ndt-11-1493] and one large study found significantly longer telomeres in patients with schizophrenia in comparison with healthy controls.[@b18-ndt-11-1493]

Previous studies have also assessed the relationship between the ability to achieve remission in schizophrenia and telomere length. It was shown that unremitting patients with chronic schizophrenia (C-SCZ) present with significantly shorter telomeres than either patients who achieve remission or healthy individuals matched by age and sex.[@b19-ndt-11-1493] However, another large study did not find any such relationship between telomere length and schizophrenia severity phenotypes.[@b18-ndt-11-1493]

A recent study found a relationship between lifetime depression and leukocyte telomere shortening to be independent of the current severity of depressive symptoms.[@b20-ndt-11-1493] Telomere length of individuals, with or without current depressive symptoms, was shown to be significantly shorter than in healthy individuals without a history of unipolar depression. The authors did not find significant differences in telomere length between participants with a history of major depression presenting with or without the active symptoms of depression.

The differences in telomere length between C-SCZ and early schizophrenia (E-SCZ) patients have not yet been reported. Since oxidative stress is implicated in the pathophysiology of schizophrenia, the aim of the present study was to assess differences in telomere length between patients with C-SCZ and E-SCZ, and the relationship between telomere attrition and disease chronicity and severity.

Methods
=======

Population
----------

A total of 86 participants were enrolled in the study (female: n=35; 40.7%, aged 18--59 years). Participants were recruited from the inpatient psychiatric setting of the Department of Affective and Psychotic Disorders, Medical University of Lodz, Poland. All the recruited patients had been admitted to the psychiatric wards for exacerbation of schizophrenic symptoms. Eligible patients were diagnosed with schizophrenia according to ICD-10 criteria, which is an obligatory classification of mental disorders in Poland. The diagnosis was further confirmed using the Mini-International Neuropsychiatric Interview.[@b21-ndt-11-1493]

A total of 163 patients were screened for eligibility, of whom, 55 were found ineligible based on the following exclusion criteria: being outside the age range of 18--60 years; diagnosed with mental retardation or severe organic brain syndrome; diagnosed with a serious or unstable medical condition; being pregnant or breastfeeding; undergoing treatment with electroconvulsive therapy; diagnosed with other comorbid psychiatric disorders or a mental disorder due to substance use. Among the 108 eligible patients, 22 (25.6%) refused to participate. These 22 eligible but unenrolled patients did not differ significantly from the 86 participating patients in terms of age, sex, or race/ethnic origin. The sample represents a nonrandom, convenience sample of consecutively hospitalized patients diagnosed with schizophrenia in a defined catchment area. The eligible participants were further categorized as E-SCZ or C-SCZ. The E-SCZ group was composed of 42 patients (aged 18--35 years), who were classified as E-SCZ using criteria introduced by Kahn et al[@b22-ndt-11-1493] with less than 2 years since the beginning of psychotic symptoms. The C-SCZ group comprised 44 schizophrenia patients (aged 18--60 years), who were considered as suffering C-SCZ when more than 2 years had passed from the emergence of psychotic symptoms, and at least two distinct psychotic episodes had been observed and documented in patients' medical files.

[Table 1](#t1-ndt-11-1493){ref-type="table"} presents the demographic and socioeconomic data characterizing the study population as well as mean Positive and Negative Syndrome Scale (PANSS), Calgary Depression Scale for Schizophrenia (CDSS), and Global Assessment of Functioning (GAF) scores of the enrolled patients.

Sample size calculation
-----------------------

Previous studies have shown that the clinical significance of the differences in telomere length (measured as *T*/*S* ratio) between schizophrenia patients and healthy controls is medium to large.[@b12-ndt-11-1493] Using the results obtained in previous studies, a power calculation reveals that 43 participants per study arm will result in 80% power to detect medium effect size (Cohen's *d*=0.5) at a significance level of 0.05 using two-sided tests.

Assessments
===========

Telomere length measurement
---------------------------

Genomic DNA samples were isolated from 200 µL of blood using the GeneMATRIX Quick Blood DNA Purification Kit (EURx Ltd, Gdansk, Poland) according to the manufacturer's protocol. DNA was quantified using a Picodrop spectrophotometer (Picodrop Limited, Hinxton, UK), and all samples were diluted in Tris-EDTA (TE) buffer to a concentration of 3.5 ng/µL.

Relative average telomere lengths were determined using qPCR assay.[@b23-ndt-11-1493] This method amplifies the telomeric (T) DNA, and a single-copy (S) control gene (36B4) was used to normalize values. Cycle threshold values are converted to nanograms of DNA using a standard curve of serial dilutions. Using these values, a relative measure of telomere length is computed as a *T/S* ratio.

qPCR reactions were carried out in a 25μLvolume containing 5 μL DNA. The telomere reaction mixture consisted of 1× KAPA SYBR FAST qPCR Kit Master Mix, 2.5 mM of DTT, 270 nM of Tel-1 primer (GGTTTTT GAGGGTGAGGGTGAGGGTGAGGGTGAGGGT), and 900 nM of Tel-2 primer (TCCCGACTATCCCTATC CCTATCCCTATCCCTATCCCTA). The reaction proceeded for one cycle at 95°C for 5 minutes, followed by 18 cycles at 95°C for 15 seconds, and incubation at 54°C for 2 minutes. The 36B4, single-copy gene, reaction consisted of 1× KAPA SYBR FAST qPCR Kit Master Mix, 300 nM of 36B4U primer (CAGCAAGTGGGAAGGTG TAATCC), and 500 nM of 36B4D primer (CCCATT CTATCATCAACGGGTACAA). The 36B4 reaction proceeded for one cycle at 95°C for 5 minutes, followed by 30 cycles at 95°C for 15 seconds, and the mix was incubated at 58°C for 1 minute. All the samples for both the telomere and single-copy gene reactions were performed in triplicate on different 96-well plates in the same well positions. Reference DNA samples were diluted serially to produce five concentrations ranging from 0.625 ng/μL to 10 ng/μL, which were then distributed to the standard curve wells on each plate. All PCRs were performed on the 7900 HT Fast Real-Time PCR System (Thermo Fisher Scientific, Waltham, MA, USA) and Sequence Detection System version 2.0 software was then used to generate the standard curve for each plate and to determine the dilution factors of standards corresponding to the T and S amounts in each sample.

Chlorpromazine dose equivalents
-------------------------------

Daily doses of antipsychotics used were converted into chlorpromazine equivalents using an equivalency table provided by Gardner et al.[@b24-ndt-11-1493] According to a recent systematic review prepared by Patel et al[@b25-ndt-11-1493] there is no universally accepted method of calculating antipsychotic dose equivalents. Comparison of methods for calculating antipsychotic dose equivalence have suggested that different methods yield different equivalencies, and the evidence is not sufficiently robust for any to be considered a gold standard method. Hence, the most recent and comprehensive consensus has been chosen for this study, which according to Patel et al[@b25-ndt-11-1493] appears to provide the most complete estimation of equivalencies of the four reviewed methods.

Clinical assessments
--------------------

Clinical scales were used to assess several domains of symptoms and patient functioning. The severity of schizophrenia symptoms was measured using the PANSS,[@b26-ndt-11-1493] which is composed of 30 items with scores 1--7, with a total score ranging from 30 (indicating absence of psychopathology) to 208. PANSS is a reliable and valid scale commonly used to score symptom severity in schizophrenia.[@b27-ndt-11-1493]

Depressive features were measured by the CDSS developed specifically for schizophrenia patients.[@b28-ndt-11-1493] It is an observer-rated scale that consists of nine items, each with four anchor points. The validity and reliability of the scale has been assessed in adults[@b29-ndt-11-1493] as well as in adolescents.[@b30-ndt-11-1493]

Patient functioning status was measured by means of the GAF scale. The GAF is used to represent a clinician's judgment of the overall level of psychosocial functioning of a patient.[@b31-ndt-11-1493] The GAF requires a clinician to make an overall judgment about the current psychological, social, and occupational functioning of a patient. In the *Diagnostic and Statistical Manual of Mental Disorders* 4th edition (DSM-IV), this rating was made on a scale from 1 to 100, with ratings of 1--10 indicating severe impairment and ratings of 91--100 indicating superior functioning.

Descriptive variables included socioeconomic and demographic characteristics, variables concerning psychiatric therapy, and history. Information concerning psychiatric history was extracted from the medical files of the patients.

The raters (TP and MG) undertook intensive training in the scoring methods used in the present study as part of the Programme of Recognition and Therapy (PORT): the first Polish program for people at high clinical risk of psychosis development, described in detail elsewhere.[@b32-ndt-11-1493] The raters achieved good reliability scores (coefficient of agreement \>0.82) and were all within 20% of the standard scores.

All the participants were assessed as inpatients during the early recovery phase of the current episode over the week preceding discharge from hospital. Hence, all clinical assessments and psychopharmacology data represent the optimal improvement achieved during the current schizophrenia episode.

Statistical analysis
--------------------

The distributions of the recorded clinical values were first assessed for normality by the Shapiro-Wilk test. Mean and standard deviations were used as measures of central tendency and dispersion of data. Due to a skewed distribution, telomere length expressed as *T/S* ratio was transformed using natural logarithm to permit comparisons of normally distributed values within each study group. Student's *t*-test was used to evaluate the significance of differences in the distributions of continuous variables characterizing the groups. Comparisons on categorical variables were made using the chi-square test with or without Yates' correction or Fisher's exact test depending on the number of observations. Correlations were assessed using Pearson's correlation coefficient followed by a suitable significance test. As expected, a negative correlation was found between telomere length and age (*r*=−0.472, *P*\<0.0001). Since both age and sex[@b33-ndt-11-1493] can affect telomere length, the results were analyzed using a one-way analysis of covariance (ANCOVA) to control the effects of these two variables. Since telomere length significantly associated with age, the variables describing severity of symptoms (negative and total PANSS score), as well as the number of hospitalizations and episodes of disease, linear regression technique was used to control the confounding variables, to decrease redundancy of data, and to find variables with the highest relation to telomere length. Thus, the stepwise backward and forward linear regression method was used, which revealed that the same models best fitted to the data. Because of a high intercorrelation between the two variables: number of psychotic episodes and number of hospital admissions (Pearson's *r*=0.96, *P*\<0.0001) and low tolerance values (0.055 and 0.066), the information from the two variables was combined (addition), since it makes conceptual sense and can serve as a proxy measure of disease recurrence rate and severity. This approach is a recommended solution to avoid multicollinearity problems.[@b34-ndt-11-1493] No significant collinearity was present in the final adjusted model, with all pairwise correlation coefficients less than 0.6 and all tolerance values less than *1-R^2^*. The assumption of linearity was checked by visual inspection of component plus residual plots. The normality assumption was checked by review of residual histograms and normal quantile--quantile plots. A significance level of 0.05 was used for all statistical tests, and two-tailed test probabilities were applied.

The study was carried out in accordance with the latest version of the Declaration of Helsinki. The study design was accepted by the Medical University of Łódź Ethics Committee. All the participants provided written informed consent before entering the study. The study, part of a larger project, was financed by the Polish Science National Center, grant No N N402 243435.

Results
=======

The groups differed significantly according to age, number of hospital admissions, number of psychotic episodes, and negative and total PANSS scores. The groups did not differ according to sex, education, smoking status, or other dimensions of clinical scales. The differences in age and psychiatric history are the consequence of the criteria used to classify patients to the study groups. However, each of these variables provides additional information. Age is correlated with the number of psychotic episodes, but that last variable also provides information about the severity of the disease course. Likewise, the number of hospital admissions is correlated with the number of psychotic episodes, but the first variable also gives an insight into the severity of psychotic episodes. Patients also differed according to psychopathology (total and negative PANSS scores) assessed at the end of the hospitalization period. These scores represent possibly the best achievable improvement in the two groups of patients. It is well established that the improvement observed in patients with C-SCZ is lower than that in patients with a shorter duration of symptoms.

Univariate analyses
-------------------

Univariate analyses did not reveal any significant associations between telomere length and either sex or smoking status (Student's *t*-test, *t*=1.767, *P*=0.081 and *t*=0.99, *P*=0.321, respectively). Telomere length was significantly associated with age (Pearson's *r* = −0.472, *P*\<0.001). Significant negative correlation was found between telomere length (ln *T/S* ratio) and disease severity in the whole group of schizophrenia patients (n=86). Telomere length was found to significantly correlate with negative PANSS score (Pearson's *r* =−0.318, *P*\<0.01) and total PANSS (Pearson's *r* =−0.238, *P*\<0.05). No significant correlations were observed between telomere length and either positive (*r*=−0.143) or general PANSS scores (*r*=−0.097) (*P*\>0.05). No significant correlations were found between telomere length and either patient functioning (GAF) or severity of depressive symptoms (CDSS) (Pearson's *r*=−0.036, *P*=0.744 and *r* =−0.029, *P*=0.793, respectively). However, the association between telomere length and both the number of hospital admissions and the number of psychotic episodes was significant (Pearson's *r* =−0.466, *P*\<0.001 and *r*=−0.594, *P*\<0.001, respectively). No significant correlation was observed between telomere length and the equivalent dose of chlorpromazine (Pearson's *r*=−0.155, *P*=0.155). Subgroup analyses carried out in E-SCZ and C-SCZ groups revealed correlation coefficients that did not reach significance level but a trend toward negative correlation was observed between negative PANSS score and telomere length in the C-SCZ group (Pearson's *r*=−0.196, *P*=0.065).

ANCOVA
------

An ANCOVA was used to assess whether telomere length (expressed as ln *T/S* ratio) is related to the chronicity of schizophrenia after controlling for the influence of age and sex. Results indicate that after controlling for the possible confounder variables, a significant difference was observed in telomere length between groups of patients with E-SCZ and C-SCZ (*F*\[1,82\] =47.08, *P*\<0.001). Patients with shorter disease durations had significantly longer telomeres than patients with C-SCZ. No main effect of age or sex was observed within this analysis. [Table 2](#t2-ndt-11-1493){ref-type="table"} presents the adjusted and unadjusted group means and variability of telomere length (ln *T/S* ratio) after controlling for the influence of age and sex and the results of ANCOVA for telomere length as a function of group, age, and sex.

Linear regression
-----------------

Multiple stepwise backward and forward regression procedures were conducted to determine the best linear combination of the disease severity (negative and total PANSS score), chronicity of disease, number of psychotic episodes and hospitalizations, age, and sex for predicting telomere length in patients diagnosed with schizophrenia. All the above mentioned continuous variables correlated significantly with telomere length (described in "Univariate analyses" section). The cutoff probabilities (*F*) in stepwise regression procedures for inclusion and exclusion of variables were assumed as 0.05 and 0.1, respectively. Both backward and forward stepwise regression procedures revealed the same combination of variables, which significantly predicted telomere length, *F*(4,85) =23.263, *P*\<0.0001, with three variables significantly contributing to the prediction. Age, although not significant, is known to be associated with telomere length and so was included in the model to control its effects. The beta weights, presented in [Table 3](#t3-ndt-11-1493){ref-type="table"}, suggest that longer duration of the disease (belonging to C-SCZ group), higher combined number of psychotic episodes and hospital admissions, and being female are related to shorter telomere length. The adjusted *R*^2^ value was 0.512, which indicates that over 50% of the variance in telomere length was explained by the model. According to Cohen,[@b35-ndt-11-1493] this is a large effect.

Discussion
==========

The results of the present study suggest that telomere length of peripheral blood cells in patients with schizophrenia is related to the chronicity and severity of the disease course. Severity of psychopathology measured by the total and negative PANSS scores was correlated negatively with telomere length. It was shown that the number of psychotic episodes and the number of the documented hospital admissions were also significantly associated with telomere length. ANCOVA analysis showed that telomere erosion in schizophrenia is significantly higher in patients with C-SCZ than with E-SCZ even after controlling for the effects of the confounding variables: age and sex. The magnitude of the effect (η^2^ =0.365) is large according to the rule of thumb provided by Cohen.[@b35-ndt-11-1493] Moreover, this was further confirmed in regression analysis, which showed that the model composed of the study group (E-SCZ or C-SCZ), sex, age, and the number of the documented psychotic episodes and hospital admissions can significantly predict the length of telomeres in patients with schizophrenia with over 50% of variance in telomere length explained by the model (adjusted *R*^2^=0.512).

Among the strengths of the current study is that it is the first to compare the telomere length of blood cells in patients with C-SCZ and E-SCZ and to assess the relationship between both the severity and chronicity of the disease with telomere length. However, several limitations should be considered in the interpretation of our results. First, the association reported in this study is observational, and therefore, no definitive conclusions can be made regarding causality. Although adjustments were made for potential confounding variables, the possibility of residual confounding by measured or unmeasured covariates cannot be excluded. For example, the influence of parental age, physical activity, systemic inflammation, obesity, and red meat consumption are thought to cumulatively determine telomere length through adult life. These potential confounders were not adjusted for in the analyses. Second, our measurements were restricted to telomere length in blood cells and do not necessarily reflect telomere trajectory in other cell compartments such as nervous or other tissues. Third, our study sample comprises hospitalized patients with psychotic exacerbation, which may represent a population especially susceptible to the effects of psychosis on telomere length; hence, the findings cannot be generalized to other populations of patients, and further studies are required to verify our findings in other populations of patients. Fourth, the method of measuring telomere length based on quantitative RT-PCR developed by Cawthon has been criticized for being difficult to optimize and extremely sensitive to technical errors, resulting in high variability within and between samples.[@b36-ndt-11-1493] However, despite the comparative inaccuracy of the technique, general trends between population groups can be made as long as errors are assumed to be similar between groups. The strength of this method is its practical simplicity in obtaining, analyzing, and interpreting qPCR data, making it one of the most common methods for studying telomere dynamics. There are four main methods of measuring telomere length, and each approach has its strengths and weaknesses.[@b37-ndt-11-1493] The optimal method of measuring telomere length is still debated.

Finally, the sample size is not large for genetic studies. However, comparable sample sizes were used in many other studies of telomere length in patients with schizophrenia.[@b12-ndt-11-1493],[@b15-ndt-11-1493]--[@b17-ndt-11-1493],[@b19-ndt-11-1493],[@b38-ndt-11-1493],[@b39-ndt-11-1493] Small sample size may contribute to conflicting results of telomere length, which was observed in patients with schizophrenia. Thus, the results of the present study should be regarded as preliminary and further studies are needed using larger samples.

Few studies have assessed the relationship between schizophrenia symptom severity and telomere length. Yu et al compared telomere length in C-SCZ patients who responded well and poorly to antipsychotic therapy.[@b38-ndt-11-1493] The groups differed significantly according to symptom severity, with poor responders presenting higher Brief Psychiatric Rating Scale scores than good responders. Telomere length (expressed as telomere restriction fragments) was found to be significantly higher in less severely affected patients (good responders) in comparison to patients with worse outcome (poor responders). Moreover, telomere length was significantly shorter in poor responders than in control subjects. The authors did not find significant differences in telomere length between schizophrenia patients with better outcome (good responders) and control subjects. Interestingly, the authors did not observe any negative correlation between age and telomere length in either patient group, with the slopes of regression lines in fact being positive. A well-established negative correlation between age and telomere length was observed only in the control group. An inverse relationship between telomere length and poor outcome was recently observed by Kota et al in patients with schizophrenia,[@b19-ndt-11-1493] who showed that unremitting schizophrenia patients present with significantly lower relative telomere length than patients who achieve remission of psychotic episode and individuals without neuropsychiatric illness. The authors concluded that the results of their study may indicate that schizophrenia shares biological pathways with other neurodegenerative disorders that are also characterized by increased cellular senescence. Lower telomerase levels were also observed in schizophrenia patients.[@b40-ndt-11-1493]

The findings of the present study are generally in line with those of previous studies. However, a few differences between the studies warrant attention. Different methods were used to assess psychopathology in the study by Yu et al[@b38-ndt-11-1493] and the current one. The Brief Psychiatric Rating Scale method used by Yu et al concentrates mainly on positive symptoms, whereas the PANSS used in the present study covers different symptomatic domains, including positive and negative symptoms as well as general psychopathology. In addition, while Yu et al assessed C-SCZ patients, the present study enrolled individuals with both early and chronic disease. The results of the current study are also in line with those of Kota et al.[@b19-ndt-11-1493]

However, the relationship between disease severity and telomere length is not consistent. In contrast with the present findings, Nieratschker et al in a large sample of schizophrenia patients (n=539), did not find any significant association between telomere length and the presence of any schizophrenia severity subphenotypes.[@b18-ndt-11-1493] The authors suggest that their findings could be biased by antipsychotic use, excess mortality associated with schizophrenia, or might be explained by an underlying association with endophenotypes, which acts beyond the currently available diagnostic boundaries for schizophrenia.[@b18-ndt-11-1493] The last suggestion may be supported by the results of the study mentioned earlier, which was carried out by Yu et al[@b38-ndt-11-1493] in which only C-SCZ patients who responded poorly to antipsychotic therapy presented with shorter telomere length than healthy subjects. In addition, although the study population enrolled by Nieratschker et al is not characterized precisely enough to allow comparisons with patients enrolled in the present study, generally speaking, younger patients were enrolled in the present study: the mean age of both groups in the present study being 29 years with a range of 18--59 years, compared to a mean age 37 years and range of 17--80 years for Nieratschker et al. This difference together with the possible bias suggested by the authors may be responsible for the observed differences between the results of the current study and the study by Nieratschker et al.

The possible explanation of the observed relationship between the severity and chronicity of psychotic episodes and reduced telomere length may be found in the paradigm of oxidative stress. It is understood as a disequilibrium between the increased production of ROS and decreased oxidative defense represented mainly by the activity of free radical scavenging enzymes, ie, superoxide dismutase, catalase, and glutathione.[@b41-ndt-11-1493] Increased levels of oxidative damage and decreased oxidative defense were repeatedly observed in schizophrenia.[@b13-ndt-11-1493] It was shown that psychosis is connected with neurotoxic effects induced by ROS.[@b42-ndt-11-1493] Recent studies show that oxidative stress might serve as a potential biomarker in the etiopathophysiology and clinical course of schizophrenia.[@b13-ndt-11-1493] Telomeric G triplets are especially sensitive to cleavage by oxidative damage, which leads to single-strand breaks and the loss of distal fragments of telomeric DNA following replication.[@b14-ndt-11-1493],[@b33-ndt-11-1493],[@b43-ndt-11-1493]

Accelerated telomere shortening may have important consequences and may shed light on the excess mortality observed in patients with schizophrenia. Telomere length is regarded as a marker of biological aging. Shortening of telomeres triggers multiple aging-related processes, such as cell growth arrest, apoptosis, and decreased capacity in response to stress in highly replicative cells.[@b33-ndt-11-1493] Excess mortality, expressed as standardized mortality rate, has repeatedly and consistently been found in persons with schizophrenia.[@b44-ndt-11-1493]--[@b47-ndt-11-1493] In most countries, standardized mortality rate of schizophrenia patients is about 2.5, which leads to shortened life expectancy of about 15 years to nearly 20 years compared with general population.[@b48-ndt-11-1493],[@b49-ndt-11-1493] The main contributor of the shortened life expectancy in schizophrenia is cardiovascular disease (CVD), diabetes, and their complications, such as cardiovascular accidents.[@b50-ndt-11-1493]--[@b53-ndt-11-1493]

Patients with schizophrenia show higher incidence of metabolic abnormalities characteristic of CVD, diabetes, and obesity even before antipsychotic therapy initiation.[@b54-ndt-11-1493],[@b55-ndt-11-1493] Recent studies suggest that schizophrenia and CVD risk factors may share pathophysiology and genetics.[@b54-ndt-11-1493],[@b55-ndt-11-1493] Obesity, insulin resistance, dyslipidemia, and hypertension are observed more often in antipsychotic-naïve first-episode schizophrenia (FES) patients compared with age-matched healthy controls.[@b53-ndt-11-1493] Recent molecular studies have shown the abnormalities in the glucose metabolism and insulin signaling pathways in nonmedicated subgroups of people with schizophrenia indicating a shared genetic vulnerability between type 2 diabetes and schizophrenia.[@b56-ndt-11-1493] FES patients also show increased cortisol levels due to increased environmental stress, which further increases the risk of glucose and lipid abnormalities.[@b57-ndt-11-1493] Not only CVD, diabetes mellitus, and schizophrenia share plenty of environmental and genetic risk factors as well as pathophysiology but also telomere pathology. Telomere erosion is observed in schizophrenia,[@b12-ndt-11-1493],[@b19-ndt-11-1493],[@b38-ndt-11-1493] coronary artery disease,[@b58-ndt-11-1493] insulin resistance,[@b59-ndt-11-1493] diabetes mellitus,[@b60-ndt-11-1493] and many other degenerative disorders, which are related to accelerated senescence.[@b61-ndt-11-1493],[@b62-ndt-11-1493]

Many factors are related to telomere erosion, such as sex, age, obesity, systemic inflammation, lack of physical activity, plasma leptin and irisin levels, total and abdominal fat percentage, and oxidative stress.[@b63-ndt-11-1493]--[@b65-ndt-11-1493] Many of the above risk factors are the same as for CVD and diabetes mellitus. Not only schizophrenia and CVD share pathophysiology but also recurrent psychotic episodes may lead to reduced telomere length, which further increases the risk of developing CVD, diabetes, their complications, and other age-related conditions.

It was shown that short telomeres trigger cell senescence, and senescent cells accumulate in aged tissues. These cells produce factors that affect not only the local tissue but also the whole organism. Senescence-associated secretory phenotype includes secretion of many proinflammatory cytokines, chemokines, growth factors, and proteases that have the potential to cause or exacerbate age-related pathology, both degenerative and hyperplastic.[@b66-ndt-11-1493] Senescence in peripheral tissues has recently been linked to a number of age-related pathologies, including atherosclerosis and diabetes mellitus.[@b67-ndt-11-1493] Recent data generated by several laboratories suggest that both aging and age-related neurodegenerative diseases are accompanied by an increase in senescence-associated secretory phenotype-expressing senescent cells of nonneuronal origin in the brain.[@b68-ndt-11-1493] These complex alterations triggered by telomere attrition may explain association between psychosis severity and chronicity, oxidative stress, age-related diseases, neurodegenerative diseases, and reduced life expectancy in schizophrenia.

The relationship between telomere attrition and schizophrenia severity and chronicity observed in the current study may suffer from different kinds of bias typical for observational studies, since it is not possible to foresee and control all relevant confounding factors. Thus, longitudinal cohort studies of FES individuals are needed to further explain the relationship between psychopathology and telomere length in schizophrenia. The results of the present study, together with those of a previous report[@b69-ndt-11-1493] of reduced telomere attrition in patients diagnosed with mild cognitive impairment who were supplemented with either n-3 polyunsaturated fatty acids (PUFA), emphasize the need to assess the influence of PUFA supplementation on telomere shortening and telomerase activity in schizophrenia patients. Moreover, an understanding of the relationship between dietary habits in patients with schizophrenia, in particular n-3 and n-6 PUFA consumption and telomere length, would be a valuable influence on dietary recommendations in schizophrenia and reduce the burden of disease, premature aging, and excess mortality in schizophrenia patients.

The connection between chronicity and severity of schizophrenia and telomere length, as well as the possible consequences, premature cellular senescence, and increased cardiovascular mortality risk, reinforce the need for effective therapy of schizophrenia. It is well documented that achieving partial remission with the presence of residual psychotic symptoms may increase the risk of schizophrenia relapse. The results of the current preliminary study indicate that the recurrence of psychotic symptoms, as well as their intensity and chronicity, may be related to telomere attrition of cells, which activates degenerative processes, cellular senescence, or apoptosis. These may, in turn, lead to premature aging, the development of age-related diseases and their complications, leading to shortened life expectancy in schizophrenia.
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Characteristics of the study population

  Variable                                   C-SCZ            E-SCZ             *P*
  ------------------------------------------ ---------------- ----------------- -----------------------------------------------------
  Age (years)                                                                   
   Mean (SD)                                 36.14 (11.701)   23.14 (4.431)     \<0.0001[a](#tfn1-ndt-11-1493){ref-type="table-fn"}
  Sex, n (%)                                                                    
   Female                                    19 (43.2)        16 (38.1)         0.6313
   Male                                      25 (56.8)        26 (61.9)         
  Education, n (%)                                                              
   Primary                                   5 (11.4)         13 (31)           0.1448
   Vocational                                1 (2.3)          1 (2.4)           
   High                                      31 (70.5)        24 (57.1)         
   University degree                         7 (15.9)         4 (9.5)           
  Smoking, n (%)                                                                
   Yes                                       27 (61.4)        19 (45.2)         0.1942
   No                                        17 (38.6)        23 (54.8)         
  Disease characteristics, mean (SD)                                            
   Number of hospital admissions             4.3 (3.359)      1.26 (0.497)      \<0.0001[a](#tfn1-ndt-11-1493){ref-type="table-fn"}
   Number of episodes                        6.20 (3.825)     1.64 (0.577)      \<0.0001[a](#tfn1-ndt-11-1493){ref-type="table-fn"}
   Chlorpromazine equivalent dose (mg/day)   758.5 (349.67)   485.67 (244.14)   \<0.0001[a](#tfn1-ndt-11-1493){ref-type="table-fn"}
   CDS                                       4.61 (4.116)     4.33 (3.936)      0.7399
   Positive PANSS                            14.68 (4.236)    13.83 (3.595)     0.2466
   Negative PANSS                            18.27 (5.128)    14.76 (3.913)     0.0021[a](#tfn1-ndt-11-1493){ref-type="table-fn"}
   General PANSS                             28.59 (5.923)    27.95 (4.904)     0.3471
   Total PANSS                               61.55 (12.049)   56.55 (9.441)     0.0091[a](#tfn1-ndt-11-1493){ref-type="table-fn"}
   GAF                                       56.73 (17.445)   58.38 (15.736)    0.716

**Note:**

Significant differences were marked.

**Abbreviations:** C-SCZ, chronic schizophrenia; E-SCZ, early schizophrenia; SD, standard deviation; CDSS, Calgary Depression scale for Schizophrenia; PANSS, Positive and Negative Syndrome Scale; GAF, Global Assessment of Functioning.

###### 

Adjusted and unadjusted group means and variability of telomere length (ln *T*/*S* ratio) after controlling for the influence of age and sex and the results of ANCOVA for telomere length as a function of group, age, and sex

  Group level   Telomere length   ANCOVA                                         
  ------------- ----------------- --------------- ------- ------------ --------- ---------
  E-SCZ         1.215 (0.156)     1.204 (0.027)   Group   47.087 (1)   \<0.001   0.365
  C-SCZ         0.913 (0.16)      0.911 (0.028)   Age     0.035 (1)    0.852     \<0.001
                                                  Sex     3.022 (1)    0.086     0.036
                                                  Error   \(82\)       --        --

**Notes:** Levene's test for equality of variance (*F*=0.35; *df*1 =3; *df*2 =82; *P*=0.789); corrected *R*^2^=0.489.

**Abbreviations:** ANCOVA, analysis of covariance; M, mean; SD, standard deviation; SE, standard error; *F*, Fisher's test statistics; *P*, two-tailed test probability for *F* statistics; η^2^, partial eta squared; E-SCZ, early schizophrenia; C-SCZ, chronic schizophrenia.

###### 

The results of multiple stepwise regression analysis for the chronicity of disease (group), number of psychotic episodes, number of hospital admissions, sex, and age in predicting telomere length (ln *T*/*S* ratio) (N=86)

  Level                                                  Variable                                                               
  ------------------------------------------------------ ---------- ------- --------------------------------------------------- -------
  Constant                                               1.358      0.092   --                                                  --
  Group -- chronicity (early \[1\], chronic \[2\])       −0.245     0.047   −0.565[a](#tfn6-ndt-11-1493){ref-type="table-fn"}   0.487
  Number of psychotic episodes and hospital admissions   −0.007     0.003   −0.21[b](#tfn7-ndt-11-1493){ref-type="table-fn"}    0.629
  Sex (female \[1\], male \[2\])                         0.073      0.037   0.166[b](#tfn7-ndt-11-1493){ref-type="table-fn"}    0.828
  Age                                                    0.0002     0.002   0.008                                               0.537

**Notes:** Model *R*^2^=0.535; adjusted *R*^2^=0.512; *F*(4.85)=23.263, *P*\<0.0001. Significant predictors in the model were marked:

*P*\<0.001;

*P*\<0.05.

**Abbreviations:** *B*, nonstandardized regression coefficient; SEB, standard error of *B*; beta, standardized regression coefficient.
